The biological parameters of a bovine picornavirus, bovine enterovirus-r, are described. The virus is shown to have a rapid growth cycle and to be stable over an extended period at 56 °C and at pH 2 to Io. Within the first hour of infection of cells with BEV-L cellular protein synthesis was inhibited to less than 40 ~ of normal levels. Maximum release of progeny virus occurred 6 to 8 h post-infection, which coincided with the time of maximum cytopathogenic effects as seen by electron microscopy. The synthesis of virus-specific RNA commenced I to 2 h after infection and proceeded exponentially until 5 h after infection. Four virus capsid polypeptides were found together with procapsid proteins, one of which appeared to be a precursor of VPa and VP4.
Bovine enterovirus-I (BEV-0 was originally isolated by Moll & Davis (I959) . The observation that BEV-I was a successful oncolytic agent against a number of tumours in mice and of potential use against human cancer (Sedmak et al. I972) prompted us to examine the basic properties of the virus and the process of infection.
The preparations of virus lysates and cells were as previously described (Cordell-Stewart & Taylor, r970.
The virus-containing lysate was clarified by centrifuging at Iooo g for Io min and twice at I2ooo g for 2o min at 4 °C. The virus was pelleted from the supernatant fluid in the no. 3o rotor of a Spinco Model L-HV centrifuge at 3oooo rev/min for I8o min, and the pellet was taken up in 2. 5 ml of o.o4 M-phosphate buffer, pH 7'4.
Solid CsC1 was added to adjust to a density of 1.35 g/ml, and a density gradient generated by centrifuging for 17 h at 5ooo0 rev/min in a Spinco SW65Ti rotor. Drops were collected and the virus band at a density of I "34 g/ml was dialysed against buffer solution. The virus suspension was then layered on a 15 to 5o ~ (w/v) linear sucrose gradient in STE (o. 15 MNaC1, o.oI ~-tris, I mM-EDTA) buffer solution and centrifuged for 2.5 h at 240oo rev/min in a Spinco SW 25. I rotor. The virus band was collected, diluted with buffer solution and pelleted in a no. 3o rotor as described. The purified virus was resuspended in phosphate buffer solution and stored at -2o °C. Plaque assays were performed as described by Taylor et al. (I97 0. Single step growth curves were determined for BEV-I in L cells and Ehrlich ascites tumour (EAT) cells by removing duplicate samples of infected cells at various times from suspension cultures. One sample was used for the determination of total virus yield, and the second was used for the determination of the concentration of extracellular virus in the supernatant medium following removal of the cells by sedimentation.
Ehrlich ascites tumour ceils or L cells were infected with BEV-I in the presence of I0/zg/ml actinomycin D. After adsorption for ~ h, [3H]-uridine (20 to 30 Ci/mmol, New England Nuclear) at t/zCi/ml or I/zCi/2 x I@ cells was added. The incorporation of the radioactive uridine into virus RNA was determined by removing Io 6 cells from the
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Short communications culture at various times; further uptake was halted by freezing the cells in a dry ice/ethanol bath. Samples were treated with o.2 ~ SDS, precipitated with cold Io ~ TCA, washed twice with cold 5 To' TCA, dried and counted in a PPO-toluene scintillation mixture. Purified procapsid and virus samples labelled with [14C]-amino acids were suspended in STE buffer solution and dialysed against electrophoresis buffer solution (o.o2 M-tris, pH 8"4, o'I7 M-glycine) for 24 h at 4 °C. The samples were then sedimented at 5oooo rev/min in a Beckman SW 5o rotor for 3 h. Pellets were resuspended in sample buffer solution (o.o3 M-tris, pH 9"7, o.ol M-EDTA, 8 M-urea) containing 2 ~ 2-mercaptoethanol, 2 ~oo SDS, o.ooI ~ bromophenol blue, and then boiled for 3 min. Polyacrylamide gel electrophoresis and preparation for counting were as previously described (Jenkins, Taylor & Raft, 1973) .
BEV-I infected L cells were fixed by flooding the cell monolayers with a mixture of 4~ glutaraldehyde and o'7~o picric acid buffered with o-I M-sodium cacodylate pH 7.2, After fixation for 6 h at room temperature the ceils were rinsed with o.o5 M-cacodylate buffer solution, collected on a piece of Millipore filter and post-fixed in 2 ~ osmium tetroxide vapours for 2 h. To facilitate further handling, the cells, still on the Millipore filter, were stained overnight in I ~ uranyl acetate and subsequently embedded in low-viscosity medium (Spurr, I969) . Thin sections were stained with uranyl acetate and lead citrate and examined with a Hitachi HU-11 C electron microscope.
Enteroviruses are characterized by stability to heat in the presence of MgClz (Vande Woude, 2964). Thermal inactivation of BEV-~ in MEM with or without addition of MgCI~ proceeded slowly at 56 °C. The initial infectivity fell to so ~ after 6o to 9o rain and to 3 by 3 h. Virus infectivity was stable for I h at 56 °C in the presence of serum, and infectivity has been maintained for at least 18 months during storage at -3o or -9 ° °C.
Samples of virus stock to be tested were adjusted to different pH values with phosphatebuffered saline and, after 3 h at room temperature, the infectivities were determined by plaque assay. Under these conditions the infectivity of BEV-I was stable from pH z to pH so and confirmed its classification as an enterovirus (Rueckert, I970. Single-step growth experiments were performed with L cells and Ehrlich ascites tumour cells, and the results are shown in Fig. 2 . In both host cells the eclipse period terminated at 2 to 2. 5 h after infection when infective virus was first detected. Maximum intracellular virus infectivity was observed at 6 h after infection. The yield of extracellular virus from Ehrlich ascites tumour cells and L cells was 3o and 5o p.f.u./cell, respectively. The total virus yields were 5o p.f.u./Ehrlich ascites cell and ~zo p.f.u./L cell.
Host ceils infected with poliovirus or mengovirus undergo rapid degeneration which causes the release of virus particles in a burst (Lwoff et al. I955) . The cytopathogenic alterations after mengovirus infection included a proliferation of smooth membranes, disorganization of the nucleus, and extensive vacuolation. We have examined the cytopathogenie effects on L ceils at different times after infection by BEV-I at 34 °C. No gross effects were noted for up to 4 h after infection with BEV-I. Between 4 and 6 h drastic alterations took place within the cell and, by 6 h, closely packed, symmetrical virus crystals were seen in the cytoplasm. The cells underwent extensive vacuolation and, concomitantly, the nuclear contents exhibited altered staining characteristics indicating condensation of the ehromatin The outline of the nucleus also became quite irregular. By 7 h these changes were more pronounced, and the nucleolus showed destruction. By 8 to 9 h a larger number of virus crystals was present, the vacuolation was more extensive, and the nucleus displaced (Fig. 2) .
Upon infection of some cell lines with a picornavirus there is a rapid cessation of host RNA and protein synthesis (Martin & Work, I96I ; Franklin & Baltimore, I962) . We have Cordell-Stewart & Taylor, 1973) . The kinetics of virus RNA synthesis in the presence of actinomycin D is represented in Fig. 3 . Virus RNA synthesis was detectable within 1.5 h of infection and increased exponentially for 4 to 5 h.
An investigation of the species of RNA synthesized was made according to Plagemann (1968) . The synthesis of single-stranded RNA began at about 2 h post-infection and increased until 4 h after infection when it then decreased slightly. This may have been due to encapsidation into virus particles. Double-stranded RNA was accumulated during infection and accounted for nearly 30 ~ of the total RNA produced by 5 h.
Procapsid and virus particles were well separated on a I5 to 50 ~o sucrose gradient. Experiments with virus particles labelled by [3H]-uridine showed no labelling of the procapsid peak. Much larger amounts of procapsid protein than of completed virus particles were produced during virus infection. The reason for this inefficient encapsidation is not under- stood. When samples were subjected to electrophoresis on polyacrylamide gels, four species of polypeptides (VP1, VP2, VP3 and VP4) were detected and corresponded to tool. wt. of approx. 34000, 28000, 25000 and r I ooo. However, in contrast to the profile for the virus particle, that for procapsid protein showed only three species, VP0, VP1, and VP3. A tool. wt. of 38000 was determined for VP 0 The work described in this paper was initiated in order to describe some of the parameters of BEV-I which is of interest as a virus of extremely wide host range and oncolytic potential. BEV-I forms very large, clear plaques within 48 h of plating on L cells and MDBK, although Hours after adsorption The onset of BEV-I RNA synthesis occurred very early. Virus RNA synthesis was first detectable between I and 2 h after infection. BEV-I RNase-resistant double-stranded RNA was synthesized in amounts much greater than that found for other picornaviruses. Summers, Maizel & Darnel10965) showed that the poliovirus capsid contains three major polypeptides (VP1, VP~ and VP3) and a relatively minor fast-moving component, VP4. Bovine enterovirus-i appears to have a capsid composition similar to other enteroviruses (Johnston & Martin, I97I) . The procapsid which accumulates in large amounts during BEV-I infection contains VP 1 and VP~ and precursor protein VP 0. The cleavage of VP 0 and VP~ and VP~ could occur during virus maturation.
In summary, BEV-I is shown to have characteristics common to other picornaviruses (mengo, polio, and foot-and-mouth disease viruses) in that it has a short latent period, rapidly inhibits cellular processes, and also demonstrates striking cytopathic effects. x3 vie 23
